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Phosphacycloalkyldiones: Synthesis and coordinative behaviour of 
6- and 7-member cyclic diketophosphanyls† 
Kyle G .Pearce, Vladimir Simenok and Ian R. Crossley* 
Glutaryl and adipoyl chlorides undergo facile condensation with the bis(silyl)phosphanes RP(SiMe3)2 (R = Me, nBu, tBu, Ph, 
Mes) to afford exclusively the phosphacycloalkyldiones (CH2)n(C=O)2PR (n = 3, 4).  Characterised spectroscopically and, for R 
= Ph, Mes (n = 3) crystallographically, the macrocycles are conformationally fluxional in solution and appreciably moisture 
sensitive.  Though seemingly resistant to chemical oxidation at phosphorus, coordination is readily achieved, as illustrated 
by isolation of trans-{Pt(PEt3){P(Ph)(CO)2(CH2)3}Cl2] and a series of tungsten pentacarboyl complexes, which are 
characterised crystallographically and by infrared and NMR spectroscopy.  Together, these data suggest the macrocycles to 
be relatively weak -donors with no appreciable -acceptor character.    
Introduction 
Tertiary phosphanes are ubiquitous to modern organometallic 
and coordination chemistry.  The diversity of electronic and 
steric profiles achievable through substituent modification 
renders them valuable tools with which to control and 
moderate the reactivity of molecular species and/or direct 
reaction outcomes.  As such, the continuing drive toward 
enhancing catalytic processes provides an enduring impetus for 
the synthesis and study of phosphanes featuring alkyl, aryl, 
alkenyl, alkynyl and alkoxy moieties1 within both symmetric and 
asymmetric scaffolds.     
 Somewhat less studied are the acylphosphanes (viz. 
‘phosphomides’2).  Though a number of such compounds have 
been described, an apparently intrinsic hydrolytic sensitivity of 
the phosphomide linkage3 has typically limited their use.  
Nonetheless, a small number have been investigated as ligands 
for rhodium-catalysed hydroformylation4 and ruthenium-
catalysed hydrogenation,5 while the coordination chemistry of 
several others has also been described,4a,5-8 including the 
bis(phosphomide)s C6H4{C(O)PPh2}2-1,3 and NC5H3{C(O)PPh2}2-
2,6.4a,7a  Moreover, bis(acyl)phosphanes (Figure 1) are the 
subject of resurgent interest, driven largely by the electronic 
features of the {-C(O)}PR{C(O)-} (‘diketophosphanyl’) moiety.9  
This unit imparts stability to the LUMO of heavily conjugated 
systems, and thus low HOMO-LUMO separations, affording 
favourable opto-electronic behaviour.   Consequently, a 
significant range of derivatives based on aromatic backbones 
has been investigated,10 primarily in the context of developing 




Fig. 1 Representative diketophosphanyl compounds.9,10 
 
optoelectronic devices (e.g. OLEDs, OPVs).  Acyclic derivatives 
are also prevalent, with aromatic bis(acyl)phosphane oxides 
(BAPOs) finding particular utility, by virtue of a wavelength-
specific photochemistry that leads to cleavage of a 
phosphomide linkage.11 The resulting phosphanyl/benzoyl 
radical pair serves as an effective initiator for radical 
polymerization, lending a strong impetus for current study of 
such molecules.     
Amidst this varied body of work, notably absent are cyclic 
bis(acyl)phosphanes based upon fully saturated backbones.  
Indeed, saturated phosphacycles more generally are somewhat 
underexplored, with merely a handful of core scaffolds known 
(Figure 2) albeit with appreciable variation of the pendant 
phosphorus substituent and some inclusion of functionality on 
the cyclic skeleton.12,13    Few among these feature an acyl 
functionality, the sole examples being the small range of 
phosphorinanones (I)14 in which the phosphorus and acyl 
moieties are located distally.  Though predominantly 
investigated for their conformational stability,14a,b,15 the 
coordination chemistry of these systems was briefly explored,16 
with a focus on catalytic applications.17      
a. Department of Chemistry, University of Sussex, Brighton UK 
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Fig. 2 Representative saturated phosphacycle motifs.12-15 
Following our recent report of facile access to the 
unprecedented diphosphametacyclophane (1, Scheme 1),18 and 
subsequent work by Balakrishna and co-workers on tri- and 
tetrameric analogues19 we envisioned using similar 
methodologies to access a range of cyclic bis(acyl)phosphanes.  
In particular, we sought to access the first such materials based 
upon a saturated cyclic motif.  We thus report herein the 
synthesis of the phosphanes RP{C(O)}2CnH2n (n = 3, 4; R = Aryl, 
alkyl) and initial investigations of their coordinative behaviour, 
including synthesis of a series of tungsten complexes, allowing 
preliminary comment on their donor behaviour.   
Results and Discussion 
Phosphinanes 2 and phosphepanes 3 were obtained by 
condensation of the respective RP(SiMe3)2 (R = Me, nBu, tBu, Ph, 
Mes) and acid chlorides {C(O)Cl}2{(CH2)n} (n = 3, 4; Scheme 2), 
their identities following from spectroscopic data (Table 1), the 
observation of consistent molecular ions in the mass spectra, 
and, in the case of 2d and 2e, X-ray structural data (vide infra).  
In each case the 31P{1H} NMR spectra exhibit a single 
resonance in the region 68 – 31 ppm, in line with precedent 
diketophosphanyl derivatives,10,18 while a single acyl carbon 
environment is apparent from the 13C{1H} NMR spectra; the 
latter also demonstrate the symmetry of the cyclic backbones 
and retention of the P-alkyl / aryl substituents.  These are also 
reflected in the 1H NMR spectra, the associated resonances 
integrating with broad internal consistency.   In respect of the 
cyclic skeleton, the 1H NMR spectra for 2a-e broadly reflect the 
magnetic inequivalences associated with the expected chair- 
Table 1 Selected Spectroscopic data for 2 and 3. 
 Pa C (1JCPb) COc / cm-1 
2a 36.9 220.5 (42)d 1739 (w), 1668 (s) 
2b 47.7 219.6 (43)a 1768 (w), 1660 (s) 
2c 68.2 218.8 (48)a 1736 (w), 1655 (s) 
2d 49.2 218.5 (44)e 1737 (w), 1667 (s) 
2e 31.3 217.0 (41)a 1738 (w), 1659 (s) 
3a 39.7 217.7 (48)a 1659 (s)f 
3b 48.9 218.5 (48)a 1736 (w), 1657 (s) 
3c 60.9 221.5 (50)d 1736 (m), 1652 (s)  
3d 49.0 218.1 (47)d 1735 (w), 1665 (s) 
aas C6D6 solution. bin Hz. cas THF solution. das CDCl3 solution. eas CD2Cl2 solution. 
fsymmetric mode not observed. 
 
Scheme 1. Synthesis of phosphametacyclophanes. Reagents and Conditions: i) Et2O, –78 
°C; ii) –78 °C → r.t., 12 h. 
 
Scheme 2. Synthesis of phosphacycloalkyldiones 2 and 3.  Reagents and Conditions: i) 
Et2O, –78 °C, 30 min; ii) –78 °C → r.t., 16 h. 
like conformation, though are beset by poor resolution 
suggestive of conformational non-rigidity in solution.  This is 
most pronounced in the case of 2a (Figure 3 and ESI) for which 
only the endo and exo protons of the distal CH2 unit can be 
(barely) distinguished at ambient temperature.  The four unique 
environments become well resolved only at –40 °C, the 
resonances appearing consistent with the ‘strong coupling’ 
regime.  Notwithstanding, the slow-exchange limit could not be 
reached, lower temperatures leading to loss of resolution due 
to slow-tumbling.  Similar dynamic exchange is apparent for 3a-
d, such that only two unique environments are apparent in the 
ambient temperature spectra.20  
 The solid-state structural data for 2d and 2e (Fig. 4 and 5, 
Table 2) confirm the chair-like conformation of the 
phosphacyclic core, with the respective arenes (Ph, Mes) 
aligning essentially orthogonal to the plane of the heterocycle 
( 74 ° 2d, 87 ° 2e).  Though no direct comparators for these 
 
 
Fig. 3 Variable temperature 1H NMR (C7D8) for 2a for the alkyl region in the range 30 °C 
to –40 °C.  Full spectrum plot is presented in the ESI (Fig. S8).  
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Fig. 4 Molecular structure of 2d with hydrogen atoms omitted for clarity; displacement 
ellipsoids at 50 %.  
 
Fig. 5 Molecular structure of 2e with hydrogen atoms omitted for clarity; displacement 
ellipsoids at 50 %.  
Table 2 Selected bond distances (Å) and angles (°) for compounds 2d and 2e, with 
estimated standard uncertainties in parentheses.a   
 2d 2e 
P1–C1 1.864(6) 1.853(2) 
P1–C5 1.888(6) 1.857(2) 
P1–C6 1.825(5) 1.816(2) 
C1–O1 1.202(7) 1.208(2) 
C5–O2 1.192(8) 1.214(2) 
C1–P1–C5 97.0(3) 100.11(7) 
C1–P1–C6 102.8(2) 107.89(7) 
C5–P1–C6 103.6(3) 105.41(7) 
P1–C1–O1 121.2(5) 121.80(12) 
P1–C5–O2 119.9(5) 120.62(13) 
acrystals from benzene solution  
heterocycles exist, the internal parameters of the 
diketophosphanyl moiety are consistent with the small number 
of precedents for this unit recorded in the CCDC,21 and indeed 
the wider range of acylphosphanes.  It is, however, notable that 
the P–CCO distances within 2e are somewhat shorter than those 
of 2d, the average for acylphosphanes in the CCDC (by ca 0.02 
Å) and indeed our previously reported cyclophane 1 (1.886(3) – 
1.894(3) Å).18  In contrast, the CO distances are in line with these 
comparators and among the shorter examples recorded for acyl 
functions more generally, thus offering little evidence for any 
significantly enhanced phosphomide character within the 
diketophosphanyl moiety.   It is also noted that while the P–Aryl 
distances appear largely typical of both phosphomides and 
arylphosphanes more generally, they are somewhat shortened 
relative to that of MesP(SiMe3)2 (1.851(2) Å; ESI, Figure S1) and 
indeed the small range of precedent ArP(SiR3)2 (Ar =  
 
 
Fig 6 Molecular structure of 4 with hydrogen atoms omitted for clarity and displacement 
ellipsoids at 50 %. 
C6H3iPr2-2,6,22 Mes*,23 C6H2iPr2-2,4,6,24 Ph25) and their 
complexes26 (1.829 – 1.884 Å). 
 Chemically, 2 and 3 are stable only under anaerobic 
conditions, decomposing instantaneously upon exposure to air, 
oxidation with H2O2 having similar effect, albeit more slowly.  
Though the break-down species remain unidentified, the 
formation of secondary phosphanes is obvious from 31P NMR 
spectra, suggesting hydrolytic instability, as has been previously 
noted for phosphomides and acylphosphanes more generally.  
Surprisingly, 2 and 3 have proven relatively robust toward more 
controlled chemical oxidation, refluxing with both sulfur and 
selenium resulting only in recovery of the free heterocycles.  
This presumably reflects the influence of the flanking carbonyls, 
leading to some inductive stabilisation of the lone pair.  This 
effect does not, however, preclude coordination to transition 
metals, as is illustrated in reaction of 2d with [Pt(PEt3)Cl2]2 to 
afford cis-[Pt(2d)(PEt3)Cl2] (4) the connectivity of which is 
illustrated in Figure 6, though the weakly diffracting nature of 
the crystal renders the metrics unreliable.   
In seeking an assessment of the donor properties of these 
heterocycles, we sought to use the tungsten pentacarbonyl 
fragment as a reporter.  Thus, complexes [W(CO)5(2)] (5a-d) and 
[W(CO)5(3b)] (6) were obtained by reaction of the respective 
heterocycles with in situ generated W(CO)5(thf) (Scheme 3), and 
purified by sequential extraction into Et2O and finally pentane 
(0 °C), to remove residual traces of W(CO)6.  The formation of 
5a-d results in a coordination shift for the phosphorus centre of 
ca 15 – 20 ppm to lower frequency, with a somewhat smaller 
change noted for 6 (P = –9.7).  This is in each case 
accompanied by the manifestation of tungsten satellites (183W, 
I = ½, 14 %) confirming coordination of the phosphorus centre  
 
Scheme 3. Synthesis of tungsten complexes 5 and 6.  Reagents and Conditions: i) thf, 
overnight; ii) ether/pentane 
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Table 3 Selected NMR Spectroscopic data for 5 and 6.a 
 P (1JPW?) Pb C(COcis) (1JCWc) C(COtrans) (1JCWc) 
5a 20.7 (203) –16.2 195.4 (125) 197.9 (149) 
5b 33.1 (202) –14.6 195.4 (125) 197.9 (148) 
5c 51.3 (207) –16.9 196.0 (125) 197.2 (146) 
5d 28.9 (214) –20.3 195.7 (125) 197.8 (148) 
6 39.2 (216) –9.7 195.8 (125) 198.0 (147) 
aas C6D6 solution. bcoordination shift.   cin Hz. 
(Table 3).  The magnitudes of the 1JPW couplings (200 – 216 Hz)  
are relatively low and essentially comparable to those for 
ligated PH2R (R = H, Me, Et, Pr) and PH(SiMe3)2 (212 – 216 Hz),27 
but appreciably diminished relative to tertiary alkyl and aryl 
phosphanes more generally (e.g. PPh3 244 Hz, PMe3 230 Hz, 
PtBu3 232 Hz, PiPr3 233 Hz) and, indeed, phosphites (P(OMe)3 
386.5 Hz, P(OiPr)3 381 Hz, P(OPh)3 416 Hz).28  Among the limited 
examples incorporating an -carbonyl substituent only the 
phospholyl [{H4C4P(C(O)Me)}WCO5] (1JPW 215 Hz)29 is 
comparable, while most others exhibit couplings in the range 
230 – 280 Hz.30  We note that the magnitude of 1JPW has been 
shown previously to have a positive correlation with the 
electronegativity of the -substituents (greater 
electronegativity leading to enhanced s-character of the lone 
pair)31 and/or the -acidity of the ligand;31,32 however, neither 
would appear applicable to these data.   
Structural data for 5a, c and d (Figure 7 and ESI S2 and S3; 
Table 4) are superficially in line with expectation and the wider 
range of similar tungsten pentacarbonyl derivatives.  Notable 
are the P–W distances which appear shorter than for their 
respective tertiary phosphane analogues, viz. [W(CO)5(PMe3)] 
(2.516(2) Å),33 [W(CO)5(PtBu3)] (2.686(2) Å)34 and 
[W(CO)5(PPh3)] (2.545(1) Å).35  Though implicit of a more tightly 
bound ligand, contraction of the trans W–CO distances (relative 
to cis, and free W(CO)6 (2.036–2.066 Å)36) suggest a lower trans-
influence for 2 (relative to the respective PR3) consistent with 
reduced -donor character.  Indeed, this feature is also 
reflected in the associated values of C and 1JCW for the trans 
carbonyl (cf. PPh3 C 199.2 (JCW 144); PMe3 C 200.1 (JCW 145)37).  
Moreover, there appears no evidence for appreciable -acidity, 
with little variation in the trans-C–O distances relative to either 
the cis-ligands or the PR3 analogues.  The more sensitive  
Table 4: Selected bond distances (Å) for compounds 5a, 5c and 5e, with estimated 
standard uncertainties in parentheses.a   
 5a 5c 5d 
P1–C1 1.880(3) 1.879(5) 1.882(10) 
P1–C5 1.881(4) 1.883(5) 1.889(12) 
P1–C6 1.815(3) 1.882(5) 1.818(10) 
C1–O1 1.202(4) 1.209(7) 1.212(13) 
C5–O2 1.206(4) 1.203(6) 1.205(10) 
W–P1 2.5065(7) 2.5149(10) 2.490(3) 
W–COtrans 1.998(3) 2.007(5) 2.009(11) 
W–COcis 2.045(3)-2.064(4) 2.024(5)-2.060(5) 2.02(1)-2.05(1) 
COtrans 1.145(4) 1.147(6) 1.14(2) 
COcis 1.133(5)-1.143(4) 1.133(6)-1.144(6) 1.13(1)-1.17(2) 
acrystals grown by the slow evaporation of saturated benzene (5a,c) or 
dichloromethane (5d)  solutions.  
 
Fig. 7. Molecular structure of 5c with hydrogen atoms omitted for clarity and ellipsoids 
at 50 %.  5a and 5d exhibit directly comparable geometries and are illustrated in ESI 
figures S2 and S3. 
Table 5: Carbonyl stretch data for 5, 6 and related analogues.  
Compound max (CO) / cm-1 
 COtrans COcis 
W(CO)5(PMe3)a,38 2069 1976, 1942, 1932 
W(CO)5(PnBu3)a,39 2068 1932 
W(CO)5(PPh3)a,40 2071 1976, 1940 
5aa 2076 1946, 1933 
5ba 2075 1953, 1950, 1942 
5ca 2075 1955, 1940 
5da 2076 1949(br) 
6a 2075 1951, 1946, 1938 
W(CO)5(P{OMe}3)28a 2079 1962, 1948 
W(CO)5(P{OPh}3)b,40 2083 1968, 1959 
aas solution in thf; bas solution in hexane;  
infrared data (CO, Table 5), do illustrate a slight increase in the 
trans-carbonyl (pseudo-A1) mode for 5a, b and d relative to 
respective PR3 complexes.38,39   Indeed, those of 5a and 5d are 
intermediate between the respective PR3 and P(OR)3 
analogues.28a,40   This would appear commensurate with 2 and 
3 being relatively weak -donors, while also lacking any 
appreciable -acid character.    We further note that there 
would seem to be little influence exerted by the nature of ‘R’, 
the series 5a-d exhibiting (within bounds of uncertainty) 
negligible variations in both the ‘A1’ stretch and the chemical 
shifts for the carbonyls (whether cis or trans).   
Conclusions 
In summary, we have reported the synthesis of the first 
examples of phosphinane- and phosphepane--diones through 
condensation of RP(SiMe3)2 and, respectively, glutaryl or 
adipoyl chlorides.  These materials exhibit the characteristic 
hydrolytic sensitivity of acyl-phosphanes more generally and 
show no evidence of ‘phosphomide’ character.  Indeed, 
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symmetric C=O stretches are noted to reduce in energy upon 
ligand coordination, precluding any possible delocalisation of 
the lone pair in the free pro-ligand. 
A reluctance toward oxidation would suggest a relatively 
stabilised, and thus weakly donating, lone-pair, which is also 
reflected by data for the tungsten complexes, which place the 
phosphinane systems below tertiary phosphanes in the trans-
influence series.  Data also suggest a negligible level of -acidity, 
placing these ligands apart from the classically weakly donating 
phosphites.   
Experimental 
General Methods 
All manipulations were performed under anaerobic conditions 
using standard Schlenk line and glovebox (MBraun) techniques, 
working under an atmosphere of dry argon or catalytically 
purified dinitrogen respectively. Solvents were distilled from 
appropriate drying agents and stored over either molecular 
sieves (4 Å; DCM, THF, benzene, Et2O) or potassium mirrors.  
General reagents were obtained from Sigma-Aldrich, Fisher or 
Fluorochem and purified by appropriate methodology prior to 
use.  W(CO)5(THF) was prepared in accordance with literature 
procedures.41  NMR spectra were recorded on a Varian VNMRS 
400 (303 K, 1H 399.5 MHz, 13C 100.46 MHz, 31P 161.71 MHz, 195Pt 
85.53 MHz) spectrometer and references to external Me4Si, 85 
% H3PO4 or K2[PtCl6] as appropriate, at 303 K unless otherwise 
stated.  Mass spectrometric data were recorded by Dr A. Abdul-
Sada of the departmental service. Elemental analyses were 
performed by Mr S. Boyer of the London Metropolitan 
University Elemental Analytical Service.   
 
X-ray diffraction studies 
Single crystal X-ray diffraction data were recorded on an Agilent 
XCalibur EoS Gemini Ultra diffractometer with CCD plate 
detector using Cu-K ( = 1.514184 Å) radiation.  Structure 
solution and refinement were performed using SHELXT42 and 
SHELXL43 running under Olex2.44  
Crystal data for MesP(SiMe3)2 (CCDC 1988266): For 
2(C15H29PSi2) (M = 593.06 g mol-1): monoclinic, P21/c (no. 14), 
a = 12.2774(2) Å, b = 24.2123(3) Å, c = 13.4741(2) Å,  = 
113.140(2) °, V = 3683.12(11) Å3, Z = 4, T = 100(2) K, μ(CuKα) = 
2.430 mm-1, Dc = 1.069 Mg m-3, 7100 independent reflections, 
full matrix F2 refinement, R1 = 0.0331 on 6594 independent 
absorption corrected reflections [I > 2σ(I); 2max = 143.2 ), 343 
parameters, wR2 = 0.0895 (all data). 
Crystal data for 2d (CCDC 1988260): For C11H11O2P (M = 
206.17 g mol-1): orthorhombic, Pna21 (no. 33), a = 14.2522(3) Å, 
b = 5.97643(12) Å, c = 12.0658(2) Å, V = 1027.73(3) Å3, Z = 4, T = 
173(2) K, μ(CuKα) = 2.134 mm-1, Dc = 1.332 Mg m-3, 1817 
independent reflections, full matrix F2 refinement, R1 = 0.0588 
on 1736 independent absorption corrected reflections [I > 2σ(I); 
2max = 134.0 ), 127 parameters, wR2 = 0.1635 (all data). 
Crystal data for 2e (CCDC 1988261): For C14H17O2P (M = 
248.24 g mol-1): monoclinic, P21/c (no. 14), a = 10.8705(3) Å, b = 
9.7423(2) Å, c = 11.9167(2) Å,  = 93.452(2), V = 1259.83(5) Å3, 
Z = 4, T = 100(2) K, μ(CuKα) = 1.828 mm-1, Dc = 1.309 Mg m-3, 
2407 independent reflections, full matrix F2 refinement, R1 = 
0.0344 on 2237 independent absorption corrected reflections [I 
> 2σ(I); 2max = 143.4 ), 157 parameters, wR2 = 0.0915 (all data). 
Crystal data for 4 (CCDC 1988262): For C17H26Cl2O2P2Pt (M = 
590.31 g mol-1): orthorhombic, P212121 (no. 19), a = 7.4569(9) Å, 
b = 10.591(2) Å, c = 26.251(4) Å, V = 2073.2(6) Å3, Z = 4, T = 
173(2) K, μ(CuKα) = 16.553 mm-1, Dc = 1.891 Mg m-3, 3724 
independent reflections, full matrix F2 refinement, R1 = 0.1055 
on 1793 independent absorption corrected reflections [I > 2σ(I); 
2max = 136.4 ), 172 parameters, wR2 = 0.3003 (all data). 
Crystal data for 5a (CCDC 1988263): For C11H9O7PW (M = 
460.00 g mol-1): monoclinic, P21/n (no. 14), a = 6.89715(9) Å, b = 
12.94011(18) Å, c = 15.8307(2) Å,  = 101.0523(13) °, V = 
1386.69(3) Å3, Z = 4, T = 173(2) K, μ(CuKα) = 16.818 mm-1, Dc = 
2.242 Mg m-3, 2671 independent reflections, full matrix F2 
refinement, R1 = 0.0204 on 2620 independent absorption 
corrected reflections [I > 2σ(I); 2max = 143.2 ), 182 parameters, 
wR2 = 0.0508 (all data). 
Crystal data for 5c (CCDC 1988264): For C14H15O7PW (M = 
510.08 g mol-1): orthorhombic, Pbca (no. 61), a = 12.3442(2) Å, 
b = 12.5495(2) Å, c = 21.9424(4) Å, V = 3399.18(10) Å3, Z = 8, T = 
173(2) K, μ(CuKα) = 13.786 mm-1, Dc = 1.993 Mg m-3, 3219 
independent reflections, full matrix F2 refinement, R1 = 0.0301 
on 2866 independent absorption corrected reflections [I > 2σ(I); 
2max = 143.4 ), 211 parameters, wR2 = 0.0852 (all data). 
Crystal data for 5d (CCDC 1988260): For 2(C16H11O7PW) 
(M = 1060.13 g mol-1): monoclinic, P21/n (no. 14), a = 
11.0044(3) Å, b = 9.7434(3) Å, c = 32.7494(10) Å,  = 91.882(3) 
°, V = 3509.51(18) Å3, Z = 4, T = 100(2) K, μ(CuKα) = 13.364 mm-
1, Dc = 2.004 Mg m-3, 6635 independent reflections, full matrix 
F2 refinement, R1 = 0.0672 on 5673 independent absorption 
corrected reflections [I > 2σ(I); 2max = 143.6 ), 463 parameters, 
wR2 = 0.1678 (all data). 
 
Syntheses 
 HP(SiMe3)2: Adapted from literature procedures,45 neat 
P(SiMe3)3 (7.83 g, 31.3 mmol) was treated with MeOH (1.26 
cm3, 31.3 mmol) and the mixture stirred for 10 h.  Purification 
by bulb-to-bulb distillation afforded HP(SiMe3)2 as a colourless 
liquid, the identity of which was confirmed by comparison to 
literature data.  Yield: 3.88 g, 70 %.  1H NMR (C6D6): H 0.68 (d, 
PH, 1JHP = 187 Hz, 1H); 0.24 (d, SiMe3, 3JHP = 4.2 Hz, 18H).  31P 
NMR (C6D6): P –236.8 (dm, JHP 187 Hz, 4.4 Hz). 
 MeP(SiMe3)2: To a cooled (–78°C) solution of HP(SiMe3)2 
(0.727 g, 4.08 mmol) in THF (10 cm3) was added nBuLi (2.07 M, 
2.0 cm3, 4.08 mmol) dropwise over 5 min.  The mixture was 
stirred at –78°C for 10 min. then allowed to warm slowly to 
ambient temperature over 45 min with continued stirring for a 
further 45 min.  The mixture was cooled to –78 °C prior to 
dropwise addition of MeI (0.26 cm3, 4.2 mmol) over 10 min, 
before allowing to warm to ambient temperature, resulting in 
formation of a white precipitate; the suspension was stirred for 
a further 4 h. The mixture was filtered and the THF removed 
from the filtrate under reduced pressure; the residue was 
extracted with pentane (2 x 10 cm3), filtered and the solvent 
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removed under reduced pressure.  The crude product was 
distilled to purity (2.12 mbar, 32 °C), affording MeP(SiMe3)2 as a 
colourless liquid, as confirmed by comparison of spectroscopic 
data with the literature.46  Yield 0.633 g, 81 %.  1H NMR (C6D6): 
H 0.95 (d, PCH3, 2JHP = 1.2 Hz, 3H); 0.19 (d, SiMe3, 3JHP = 4.3 Hz, 
18H).  31P{1H} NMR (C6D6): P –196 (s). 
 nBuP(SiMe3)2:  To a cooled (–78°C) solution of HP(SiMe3)2 
(3.992 g, 22.4 mmol) in Et2O (40 cm3) was added nBuLi (2.5 M, 
9.0 cm3, 22.5 mmol) dropwise over 5 min.  The mixture was 
stirred at –78°C for 10 min. then allowed to warm slowly to 
ambient temperature and stir for a further 30 min.  The mixture 
was cooled to –78 °C prior to dropwise addition of 1-
chlorobutane (2.34 cm3, 22.4 mmol) over 5 min, before allowing 
to warm to ambient temperature; the suspension was left to stir 
overnight.  The mixture was filtered and the residue washed 
with Et2O (2 x 5 cm3); the filtrates were, combined, 
concentrated and then triply distilled (40 °C, 2x10-2 mbar) to 
afford nBuP(SiMe3)2 as a colourless liquid  Yield 2.71 g, 52 %.  1H 
NMR (C6D6): H 1.57 (br, m, CH2CH2Et 4H); 1.40 (dt, CH2CH2Me, 
JHH ~ 6 Hz, 2H); 0.88 (t, CH3, JHH = 6Hz); 0.24 (d, SiMe3, 3JHP =4.2 
Hz, 18H).  31P{1H} NMR (C6D6): P –176.1 (s). 
 tBuP(SiMe3)2:  To a cooled (–78°C) ethereal solution of 
tBuPH2 (0.159 M, 82 cm3, 13.04  mmol) was added nBuLi (2.5 M, 
11.06 cm3, 27.64  mmol) dropwise over 5 min.  The mixture was 
stirred at –78°C for 10 min. then allowed to warm slowly to 
ambient temperature and stir for a further 2 h.  The mixture was 
cooled to –78 °C prior to the addition of Me3SiCl (3.7 cm3, 29.0 
mmol) over 5 min and stirred for a further 10 minutes before 
allowing to warm to ambient temperature; the suspension was 
left to stir overnight.  The mixture was filtered and the residue 
washed with Et2O (2 x 5 cm3); the filtrates were, combined, 
concentrated and distilled (50-55 °C, 2.7 x 10-2 mbar) to afford 
tBuP(SiMe3)2 as a colourless liquid, as confirmed by comparison 
of spectroscopic data with the literature.47  Yield 2.637 g, 86 %.  
1H NMR (C6D6): H 1.31 (d, C(CH3)3, 3JHP 12 Hz, 9H); 0.31 (d, 
SiMe3, 3JHP = 4 Hz, 18H).  31P{1H} NMR (C6D6): P –108.8 (s). 
 PhP(SiMe3)2:  To a cooled (–78°C) solution of PhPH2.Et2O (6 
g, 32.6  mmol) in THF (25 cm3) was added nBuLi (2.5 M, 27.6 cm3, 
69 mmol) dropwise over 10 min, resulting in formation of a 
yellow solution.  After 10 min. the solution was allowed to warm 
to ambient temperature stir for a further 2 h.  The mixture was 
then cooled to –78 °C prior to the addition of Me3SiCl (9.2 cm3, 
72.4 mmol) over 10 min and stirred for a further 10 minutes 
before allowing to return to ambient temperature; the 
suspension was left to stir overnight.  The resulting suspension 
was filtered, concentrated and then purified via bulb-to-bulb 
distillation to afford PhP(SiMe3)2 as a colourless liquid. as 
confirmed by comparison of spectroscopic data with the 
literature.48  Yield 6.401 g, 77 %.  1H NMR (C6D6): H 7.59 (t, 7 Hz, 
2H), 7.10 -7.01 (m, 3H), 0.25 (d, SiMe3, 3JHP =5 Hz, 18H).  31P{1H} 
NMR (C6D6): P –137.0 (s). 
 MesP(SiMe3)2:  To a cooled (–78°C) solution of MesPH2 (4.05 
g, 26.6  mmol) in Et2O (80 cm3) was added nBuLi (2.07 M, 27.3 
cm3, 56.42 mmol) dropwise over 10 min, resulting in formation 
of a yellow solution.  After 10 min. the solution was allowed to 
warm to ambient temperature stir for a further 2 h.  The mixture 
was then cooled to –78 °C prior to the addition of Me3SiCl (7.5 
cm3, 59.1 mmol) over 5 min., resulting in formation of a yellow 
precipitate.  The mixture was stirred for a further 10 minutes 
before allowing to return to ambient temperature and stir 
overnight.  The resulting suspension was filtered and volatiles 
removed from the filtrate under reduced pressure; the product 
was triply distilled to purity, affording MesP(SiMe3)2 as a 
colourless liquid, as confirmed by comparison of spectroscopic 
data with the literature.10c  Yield 3.235 g, 41 %.  1H NMR (C6D6): 
H 6.87 – 6.84 (m, 2H), 2.63 (s, CH3, 6H), 2.09 (s, CH3, 3H), 0.28 
(d, SiMe3, 3JHP = 5.8 Hz, 18H).  31P{1H} NMR (C6D6): P –162.6 (s). 
1-Methylphosphinane-2,6-dione (2a). To a cooled (–78°C) 
solution of MeP(SiMe3)2 (1.01 g, 5.25  mmol) in Et2O (5 cm3) was 
added glutaryl chloride (0.7 cm3, 5.25 mmol).  After stirring for 
30 minutes at this temperature, the mixture was allowed to 
warm to ambient temperature and stir for a further 16 hours. 
The mixture was filtered and the Et2O removed from the filtrate 
under reduced pressure.  The product was purified by 
distillation (60 °C, 5 x 10-3 mbar) affording 2a a colourless liquid.  
Yield: 0.337 g, 45%. NMR (CDCl3, 303 K): 1H NMR: δH = 2.75 (br, 
CH2, 4H, unresolved), 2.36 (br, CHH, 1 H, unresolved), 1.92 (br, 
CHH, 1 H, unresolved), 1.44 (s, CH3, 3H).  13C {1H} NMR: δC = 
220.6 (d, C(O), 1JCP = 42.6 Hz), 44.5 (d, CH2, 2JCP = 29 Hz), 18.1 (d, 
CH2, 3JCP = 2.6 Hz), 1.0 (d, CH3, 1JCP = 9.3 Hz).  31P NMR: δP = 39.5 
(qnt, JPH = 7.3 Hz).  31P{1H} NMR (C6D6; 303 K): P = 36.9.  IR (THF): 
νCO 1739 (w), 1668 (s) cm-1.  NMR (C7D8): 1H NMR (303 K): δH = 
2.06 (br, CH2, 4H, unresolved), 1.54 (br, CHH, 1 H, unresolved), 
1.26 (s, CH3, 3H), 1.00 (br, CHH, 1 H, unresolved).  1H NMR (238 
K): δH = 1.99 (m, CH2, 2H), 1.86 (m, CH2, 2H) , 1.38 (br, CHH, 1 
H), 1.29 (s, CH3, 3H), 0.80 (br, CHH, 1 H).  13C {1H} NMR (303 K): 
δ = 218.5 (d, C(O), 1JCP = 42.2 Hz), 44.0 (d, CH2, JCH = 29.2 Hz), 
17.8 (d, CH2, 3JCP = 2.9 Hz), 0.67 (d, CH3, 1JCP = 9.4 Hz).  31P{1H} 
NMR (303 K): δP = 36.6 (s).  EI HRMS (m/z): Calcd for C6H9O2P 
144.0340 ([M]+). Found 144.0337 ([M]+). 
1-nButylphosphinane-2,6-dione (2b). As for 2a using 
nBuP(SiMe3)2 (0.25 g, 1.08 mmol) and 0.14 cm3 (1.08 mmol) 
glutaryl chloride.  Purified by distillation (85-90 °C, 1.3 x 10-2 
mbar).  Yield: 0.089 g, 44%.  1H NMR (C6D6): δH = 2.08 (m, CH2 
Butyl 2H, overlapping CH2 (ring) 4H), 1.57 (m, CH2 (ring) 1H), 
1.51 (m, CH2 butyl, 2H), 1.31 (br. Unres, CH2 (ring) 1H), 1.28 
(sextet CH2 (butyl), 1JHH = 7.40 Hz, 2H), 0.81 (t, CH3, 1JHH = 7.40 
Hz, 3H).  13C{1H} NMR (C6D6): δC = 219.3 (d, C(O), 1JCP = 42.4 Hz), 
44.4 (d, CH2 (ring), 2JCP = 29 Hz),  29.2 (d, CH2 (butyl),   1JCP = 12.7 
Hz), 24.3 (d, CH2 (butyl), 2JCP =  11.9 Hz), 18.9 (d, CH2 (butyl), 3JCP 
= 8.4 Hz), 17.8 (d, CH2 ring, 3JCP = 2.5 Hz), 13.7 (s, CH3).  31P{1H} 
NMR (C6D6): δP = 47.7 (s).  IR (THF): νCO 1768 (w), 1660 (s) cm-1.  
EI HRMS (m/z): Calcd for C9H15O2P 186.0810 ([M]+). Found 
186.0818 ([M]+). 
 1-tButylphosphinane-2,6-dione (2c).  As for 2a using 
tBuP(SiMe3)2 (0.295 g, 1.26 mmol) and 0.16 cm3 (1.26 mmol) 
glutaryl chloride.  After removal of volatiles from the filtrate, the 
residue was washed with cold hexane (5 cm3, 0 °C) and dried in 
vacuo, yielding 2c as a wax-like white solid.  Yield: 0.092 g, 40 %.  
1H NMR (CDCl3): δ = 2.67 (q, CH2, J = 6.2 Hz, 4H), 2.09 (br, CH2, 
2H), 1.34 (d, J = 13.6 Hz, 9H).  13C {1H} NMR (C6D6): δC = 218.8 (d, 
C(O) 1JCP = 48.3 Hz), 45.8 (d, CH2, 2JCP = 27.1 Hz), 34.5 (d, C(CH3)3, 
1JCP = 12.1 Hz), 28.1 (d, CH3, 2JCP = 7.6 Hz), 17.7 (d, CH2, 3JCP = 2.5 
Hz).  31P{1H} NMR (C6D6): δP = 68.2 (s).  IR (THF): νCO 1736 (w), 
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1655 (s) cm-1.  EI HRMS (m/z): Calcd for C9H15O2P 186.0810 
([M]+). Found 186.0795 ([M]+). 
1-Phenylphosphinane-2,6-dione (2d).  As for 2a using 
PhP(SiMe3)2 (1.039 g, 4.1 mmol) and 0.52 cm3 (4.1 mmol) 
glutaryl chloride.  The solvent was removed under reduced 
pressure, affording a white solid, which was dried in vacuo.  
Yield: 0.750 g, 91 %.  1H NMR (CD2Cl2): δH = 7.40-7.55 (m, 
aromatic, 5H), 2.86 (br, CH2, 4H), 2.22 (br, CH2, 2H).  13C{1H} NMR 
(CD2Cl2): δC = 218.5 (d, CO, 1JCP = 44.1 Hz), 137.1 (d, Co, 2JCP = 17.8 
Hz), 131.7 (d, Cp, 4JCP = 2.5 Hz), 129.5 (d, Cm, 3JCP = 9.3 Hz), 126.9 
(s, Ci), 45.6 (d, CH2, 2JCP = 30.5 Hz), 18.4 (d, CH2, 3JCP = 2.5 Hz).  
31P{1H} NMR: δP(CD2Cl2) = 52.5 (s); P(C6D6) = 49.2 (s). IR (THF): 
νCO 1737 (w), 1667 (s) cm-1.  EI HRMS (m/z): Calcd for C11H11O2P 
206.0497 ([M]+). Found 206.0486 ([M]+).   
 1-Mesitylphosphinane-2,6-dione (2e).  As for 2a using 
MesP(SiMe3)2 (0.05 g, 0.169 mmol) and 0.021 cm3 (0.169 mmol) 
glutaryl chloride.  After removal of volatiles from the filtrate, the 
residue was extracted into pentane (3 x 10 cm3), the extracts 
combined and the solvent removed under reduced pressure, 
affording 2e as a colourless solid, dried in vacuo.  Yield: 0.014 g, 
33 %.  1H NMR (C6D6): δH = 6.71 (br s, aromatic C-H, 2H), 2.27 (q, 
CH2CH2CH2, 1JHH = 6.8 Hz, 4H), 2.22 (s, CH3, 6H), 2.01 (s, CH3, 3H), 
1.41 (br m, CH2CH2CH2, 2H).  13C {1H} NMR (C6D6): δC = 217.0 (d, 
C(O), 1JCP = 41.4 Hz), 145.8 (s, aromatic), 142.0 (d, aromatic, JCP 
2.4 Hz), 129.8 (d, aromatic, 6.7 Hz), 121.0 (aromatic, from 
HMBC), 45.2 (d, CH2CH2CH2, 2JCP = 33.5 Hz), 23.9 (d, CH3, 3JCP = 
12.9 Hz), 21.2 (s, CH3), 18.1 (CH2CH2CH2, 3JCP = 1.8Hz).  31P{1H} 
NMR (C6D6): δP = 31.3 (s).  IR (THF): νCO 1738 (w), 1659 (s) cm-1.  
EI HRMS (m/z): Calcd for C14H17O2P1 248.0966 ([M]+). Found 
248.0960 ([M]+). 
1-Methylphosphepane-2,7-dione (3a). To a cooled (–78°C) 
solution of MeP(SiMe3)2 (0.199 g, 1.03  mmol) in Et2O (5 cm3) 
was added adipoyl chloride (0.15 cm3, 1.03 mmol).  After stirring 
for 30 minutes at this temperature, the mixture was allowed to 
warm to ambient temperature and stir for a further 16 hours. 
The mixture was filtered through an alumina plug, washing with 
Et2O (5 x 5 cm3), then concentrated under reduced pressure to 
afford 3a as a colourless oil.  Yield: 0.019 g, 12%.  1H NMR 
(CDCl3): δH = 2.81 (br, CH2, 4H), 1.61 (br, CH2, 4H), 1.53 (d, CH3, 
2JHP = 2.0 Hz, 3H).  1H NMR (C6D6): δH = 2.26 (br, CH2, 4H), 1.50 
(br, CH2, 2H), 1.36 (d, CH3, 2JHP = 1.95 Hz, 3H), 1.30 (br, CH2, 2H).  
13C {1H} NMR (C6D6): δC = 217.3 (d, C(O), 1JCP = 48 Hz), 48.0 (d, 2 
x CH2, 2JCP = 35 Hz), 22.5 (d, 2 x CH2, 3JCP = 2.5 Hz), 1.8 (d, CH3, 
1JCP = 6 Hz).  31P {1H} NMR (C6D6): δP = 39.7 (s). IR (THF): νCO 1659 
(s) cm-1 (symm not observed) EI HRMS (m/z): Calcd for C7H11O2P 
158.0497 ([M]+). Found 158.0495 ([M]+). 
1-nButylphosphepane-2,7-dione (3b). As for 3a, using 
nBuP(SiMe3)2 (0.376 g, 1.4 mmol) and 0.2 cm3 (1.4 mmol) 
adipoyl chloride.  Yield: 0.088 g, 31%.  1H NMR (C6D6): δH = 2.27 
(br, CH2 (ring), 4H), 2.16 (m, CH2 (butyl), 2H), 1.51 (m, CH2 
(butyl), 2H), 1.40 (br. Unres, CH2 (ring), 4H), 1.33 (sextet, CH2 
(butyl), J = 7.2 Hz, 2H), 0.83 (t, CH3, 1JHH 7.2 Hz, 3H).  13C{1H} NMR 
(C6D6): δC = 218. 5 (d, C(O), 1JCP = 47.5 Hz), 47.7 (d,CH2 ring, 2JCP 
= 32 Hz), 28.7 (d, CH2, 1JCP = 15.0 Hz), 24.4 (d, CH2, 2JCP = 12.5 Hz), 
22.4 (d, CH2 ring, 3JCP = 2.5 Hz), 19.3 (d, CH2, 3JCP = 6.5 Hz), 13.9 
(s, CH3).  31P NMR (C6D6): δP = 48.9 (apparent nonet, JPH = 5.9 
Hz).  IR (THF): νCO 1736 (w), 1657 (s) cm-1  EI HRMS (m/z): Calcd 
for C10H17O2P 200.0966 ([M]+). Found 200.0980 ([M]+). 
1-tButylphosphepane-2,7-dione (3c). As for 3a, using 
tBuP(SiMe3)2 (0.330 g, 1.4 mmol) and 0.2 cm3 (1.40 mmol) 
adipoyl chloride. After stirring overnight, the mixture was 
filtered and the solvent removed under reduced pressure.  The 
crude product was extracted into cold hexane (10 cm3) and the 
extracts stripped of volatiles then dried in vacuo, affording 3c as 
a colourless solid.  Yield: 0.114 g, 40 %.  1H NMR (CDCl3): δH = 
2.74 (br, CH2, 4H), 2.08 (br, CH2, 4H), 1.29 (d, 2JHP = 13.24 Hz, 
9H).  13C{1H} NMR (CDCl3): δC = 221.7 (d, C(O), 1JCP = 50.0 Hz), 
48.0 (d, CH2, 2JCP = 27.1 Hz), 34.5 (d, C(CH3)3, 1JCP = 12.7 Hz), 27.8 
(d, C(CH3)3, 2JCP = 8.5 Hz), 22.6 (d, CH2 3JCP = 4.2 Hz).  31P{1H} NMR: 
δP(CDCl3) = 62.3 (s). P(C6D6) = 60.9.  IR (THF): νCO 1736 (w), 1652 
(s) cm-1. HRMS (m/z): Calcd for C10H17O2P 200.0966 ([M]+). 
Found 200.0863 ([M]+). 
 1-Phenylphosphepane-2,7-dione (3d). As for 3c, using 
PhP(SiMe3)2 (0.272 g, 1.07 mmol) and 0.15 cm3 (1.07 mmol) 
adipoyl chloride.  Yield: 0.025 g, 11%.  1H NMR (CDCl3): δ = 7.57-
7.35 (m, aromatic, 5H), 2.93 (br, CH2, 4H), 2.20 (br, CH2, 4H).  
13C{1H} NMR (CDCl3): δC = 218.3 (d, C(O), 1JCP = 46.6 Hz), 137.0 
(d, Ci, 1JCP = 18.7 Hz), 131.1 (d, Cm, 3JCP = 2.5 Hz), 128.9 (d, Co, 2JCP 
= 9.3 Hz), 127.5 (s, Cp), 47.6 (d, CH2, 2JCP = 34 Hz), 22.8 (d, CH2, 
3JCP = 3.9 Hz).  31P{1H} NMR (CDCl3): δP = 52.2 (s); P(C6D6) = 49.0.  
IR (THF): νCO 1735 (w), 1665 (s) cm-1.  HRMS (m/z): Calcd for 
C12H13O2P 220.0653 ([M]+). Found 220.0650 ([M]+). 
cis-[PtCl2(Ph)P{C(O)(CH2)3C(O)}] (4).  Dichloromethane 
solutions (5 cm3) of 2d (20 mg, 0.049 mmol) and [Pt(PEt3)Cl2]2 
(37 mg, 0.049 mol) were combined and stirred for 16 h.  The 
resulting yellow solution was concentrated under reduced 
pressure, affording a yellow solid that was recrystallised from 
DCM/pentane.  Yield: 24 mg, 83 % yield. 1H NMR (CD2Cl2): δH = 
7.72 (m, aromatic, 2H), 7.64 (m, aromatic, 1H), 7.54 (dt, 
aromatic, JHH = 7.40 Hz, 2H), 3.47 (m, CH2 (ring) 2H), 2.80 (m, 
CH2 (ring) + CHH, 3H), 1.90 (m, CHH, 1 H), 1.81 (dq, CH2 (PEt3), 
JPH 10.2 Hz, JHH 7.7 Hz, 6H), (dt, CH3 (PEt3), JPH 18.1 Hz, 1JHH = 7.7 
Hz, 9H).  13C{1H} NMR (CD2Cl2): δC = 208.8 (dd, C(O), 1JCP = 6 Hz, 
1 Hz), 136.1 (d, Cm, 3JCP = 10 Hz, JPtC 33 Hz), 133.9 (d, Cp, 4JCP = 3 
Hz), 129.6 (d, Co, 2JCP = 11 Hz), 121.0 (d, Ci, 1JCP = 55 Hz), 45.7 (d, 
CH2, 2JCP = 38 Hz), 18.1 (d, JCP = 1.6 Hz, CHH),  16.1 (d, CH2 (PEt3), 
1JCP = 40.0 Hz, JPtC 35 Hz), 8.5 (d, CH3 (PEt3), 2JCP = 3.4 Hz, JPtC 25 
Hz). 31P{1H} NMR (CD2Cl2): δ = 26.8 (d, R2PhPPt, 2JPP = 14.9 Hz, 
JPtP = 3413 Hz), 9.0 (d, PtPEt3, 2JPP = 15 Hz, J(PtP) = 3166 Hz). 195Pt 
NMR (CD2Cl2): δP = –4432 (dd,1JPtP = 3410, 3164 Hz).   IR (THF): 
νCO 1717, 1694 cm-1.  Anal. Calc. for C17H26Cl2O2P2Pt: C, 34.59; H, 
4.44. Found: C, 34.62; H, 4.49.   
[W(CO)5(L)]. In a typical procedure, a THF solution (2 cm3) of 
2a (20 mg, 0.14 mmol) was combined with excess of 
[W(CO)5(THF)] (ca 0.1 M, 2.8 cm3, ca. 0.28 mmol) and the 
mixture stirred for 16 h.  The volatiles were removed under 
reduced pressure and the crude product extracted first into 
Et2O (5 cm3) then, following concentration of the extract, into 
cold pentane (5 cm3, 0 °C).  Removal of the solvent afforded 5a 
as a pale yellow solid.  Yield: 23 mg, 35 %.  1H NMR (C6D6): δH = 
2.40 (ddd, CH2, 2JCP = 16.2 Hz, 12.2, 4.8 Hz, 2H), 1.97 (tdd, CH2, 
2JCP = 15,3, 5.7, 3.4 Hz, 2H), 1.40 (d, CH3, 1JCP = 8 Hz, 3H), 1.18 
(m, CH2, 1H), 0.62 (m, CH2, 1H). 13C{1H} NMR (C6D6): δC = 214.8 
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(d, C(O), 1JCP = 3.4 Hz), 197.9 (d, W(CO)trans,2JCP = 21.5 Hz, 1JCW = 
149 Hz), 195.4 (d, W(CO)cis, 2JCP =  5.7 Hz, 1JWC = 125 Hz), 42.3 (d, 
CH2, 2JCP = 35.6 Hz), 17.8 (d, CH2, 3JCP = 2.5 Hz), 9.0 (d, CH3, 1JCP = 
29.1 Hz). 31P{1H} NMR (C6D6): δP = 20.7 (s, 1JWP = 202 Hz).  IR(THF) 
ν/cm-1: 2076, 1946, 1933 [WCO], 1702, 1685 [CO]. Anal. Calc. for 
C11H9O7PW: C, 28.23; H, 1.94. Found: C, 28.55; H, 2.17.   
5b. From 2b (13 mg, 0.07 mmol).  Obtained as a yellow oil.  
Yield: 18 mg, 50 %.  1H NMR (C6D6): δH = 2.34 (ddd, CH2(ring), J 
= 16.3, 12.09, 4.2 Hz, 2H), 2.06 – 1.96 (m x 2, CH2 (butyl) + CH2 
(ring), 4H), 1.25 (m, CH2 (butyl), 2H), 1,22 (m, CHH, 1H), 1.01 
(sextet, CH2, 2JHH = 7.47 Hz, 2H), 0.79 (m, CHH, 1H), 0.67 (t, CH3, 
2JHH = 7.36 Hz, 3H).  13C{1H} NMR (C6D6): δC = 214.8 (d, C(O), 1JCP 
= 3.8 Hz), 197.9 (d, WCOtrans, 1JCP = 20.8 Hz, JWP = 148 Hz),  195.4 
(d, WCOcis, 2JCP = 5.7 Hz, 1JWC = 125 Hz), 43.1 (d, CH2 (ring), 2JCP = 
33.0 Hz), 28.9 (d, CH2 (butyl), 3JCP = 6.5 Hz), 26.3 (d, CH2 (butyl), 
1JCP = 23.1 Hz), 24.2 (d, CH2 (butyl), 2JCP = 12.5 Hz), 17.6 (d, CH2 
(ring), 3JCP = 2.7 Hz), 13.4 (s, CH3).  31P{1H} NMR (C6D6): δP = 33.1 
(s, 1JWP = 202.0 Hz). IR(THF) ν/cm-1: 2075, 1953, 1950, 1942 
[WCO], 1683, 1660 [CO].  Anal. Calc. for C14H15O7PW: C, 32.97; 
H, 2.96. Found: C, 33.15; H, 3.17.   
 5c. From 2c (35 mg, 0.19 mmol).  Yield: 60 mg, 62 %.  1H NMR 
(C6D6): δH = 2.29 (ddd, CH2 J = 16.5, 11.5, 4.3 Hz, 2H), 1.95 (dddd, 
CH2, J = 16.6, 9.9, 6.7. 3.4 Hz, 2H), 1.15 (m, CH2, 1H), 1.14 (d, 
C(CH3)3, J = 15.3 Hz, 9H), 0.90 (m, CH2, 1H).  13C{1H} NMR (C6D6): 
δC = 215.8 (d, C(O), 1JCP = 8.1 Hz), 197.2 (d, WCOtrans, 2JCP = 22 Hz, 
JPW 146 Hz), 196.0 (d, WCOcis, 2JCP = 5.7 Hz, 1JWC = 125 Hz), 44.1 
(d, CH2, 2JCP  = 29.8 Hz), 37.9 (d, C(CH3)3, 1JCP = 13.6 Hz), 27.6 (d, 
C(CH3)3, 2JCP = 2.2 Hz) ), 16.9 (d, CH2, 3JCP = 3.4 Hz).  31P{1H} NMR 
(C6D6): δP = 51.3 (s, 1JWP = 207.0 Hz). IR(THF) ν/cm-1: 2075, 1942, 
1934 [WCO], 1676, 1655 [CO]. Anal. Calc. for C14H15O7PW: C, 
32.97; H, 2.96. Found: C, 32.84; H, 3.15. 
 5d.  From 2d (31 mg, 0.15 mmol). Yield: 20 mg, 25%.  1H NMR 
(C6D6): δH = 7.58 (m, Ph, 2H), 6.97 (m, Ph, 3H), 2.35 (ddd, CH2, J 
= 16.5, 11, 4 Hz, 2H), 2.03 (dddd, CH2, J = 16.5, 11, 7, 3.5 Hz, 2H), 
1.19 (m, CHH, 1H), 0.87 (dtt, CHH, J = 14, 11, 3.5 Hz, 1H). 13C {1H} 
NMR (C6D6): δC = 213.2 (d, C(O), 1JCP = 4.6 Hz), 197.8 (d, 
WC(O)trans, 1JCP = 22.5 Hz, , 1JWC = 148 Hz), 195. 7 (d, WCOcis, 1JCP 
= 5.7 Hz,  1JWC = 125 Hz), 133.1 (d, Co, 2JCP = 10.2 Hz),  Hz), 131.5 
(d, Cp, 4JCP = 2.5 Hz), 129.3 (d, Cm, 3JCP = 10.2 Hz), 127.2 (d, Ci, 1JCP 
= 39.8 Hz), 43.2 (d, CH2, 2JCP = 33.9 Hz), 17.1 (d, CH2, 3JCP = 2.5 
Hz).  31P {1H} NMR (C6D6): δP = 28.9 (1JPW = 213.9 Hz).  IR(THF) 
ν/cm-1: 2076, 1949 (br) [WCO], 1688 (br) [CO] cm-1. Anal. Calc. 
for C16H11O7PW: C, 36.25; H, 2.09. Found: C, 36.02; H, 1.87. 
[W(CO)5(3b)] (6). A THF solution (2 cm3) of 3b (15 mg, 0.075 
mmol) was combined with excess of [W(CO)5(THF)] (ca 0.1 M, 
3.0 cm3, ca. 0.30 mmol) and the mixture stirred for 16 h.  The 
volatiles were removed under reduced pressure and the crude 
product extracted into Et2O (5 cm3); the extract was passed 
sequentially through four plugs of Celite®, then the solvent 
removed under reduced pressure to afford 6 as a pale yellow 
solid.  Yield: 3 mg, 13 %.  1H NMR (C6D6): δH = 2.54 (br m, CH2 
(ring), 2H), 2.09 (br m, CH2 (ring), 2H), 2.01 (m, PCH2, 2H), 1.32 
(m, CH2 (ring), 2H), 1.30 (m, CH2 (butyl), 2H), 1.14 (br m, CH2 
(ring), 2H), 1.06 (Sextet, -CH2CH2CH3, 1JHH = 7.40 Hz, 2H), 0.70 (t, 
CH3, 1JHH = 7.40 Hz).  13C{1H} NMR (C6D6): δC = 215.7 (d, C(O), 1JCP 
= 3.2 Hz), 198.0 (d, WC(O), 1JCP = 22.5 Hz, 1JCW 147 Hz), 195.8 (d, 
WCO, 1JCP = 6Hz, 1JWC = 125 Hz), 44.2 (d, CH2 2JCP = 36.5 Hz), 27.8 
(d, CH2, 3JCP = 3.4 Hz), 27.6 (d, CH2, 1JCP = 22.0 Hz), 24.2 (d, CH2, 
2JCP = 12.7 Hz), 24.0 (s, CH2), 13. 4 (s, CH3). 31P{1H} NMR (C6D6): 
δP = 39.2 (s, 1JWP = 215.7 Hz).  IR(THF) ν/cm-1: 2075, 1951, 1946, 
1938 [WCO], 1691, 1678 [CO]. EI MS [M]+ Calcd for C15H17O7PW 
522 (77), 523 (55), 524 (100), 525 (17), 526 (85), 527 (15); Found 
522 (70), 523 (47), 524 (100), 525 (21), 526 (83), 527 (15). 
Conflicts of interest 
There are no conflicts to declare. 
Acknowledgements 
We thank the Royal Society and University of Sussex 
[studentship to KGP; JRA bursary to VS] for financial support.  VS 
was a University of Sussex Junior Research Associate (JRA) when 
contributing to this work. 
Notes and references 
1 For recent reviews see: (a) E. L. Musina, A. S. Balueva, A. A. 
Karasik, in Organophosphorus Chemistry (Ed. D. W. Allen, D. 
Loakes, J. C. Tebby), 2019, 48, 1 – 63 and preceding volumes 
in the series. (b) D. H. Valentine Jr, J. H. Hillhouse, Synthesis, 
2003, 2437-2460. (c) D. H. Valentine Jr, J. H. Hillhouse, 
Synthesis, 2003, 317-314. 
2 (a) K. Issleib, O. Löw, Z. Anorg. Allg. Chem., 1966, 346, 241-
254. (b) K. Issleib, E. Riebe, Chem. Ber. 1959, 92, 3183-3188. 
3 (a) A. C. Tsipis, Organometallics, 2006, 25, 2774-2781. (b) A. 
Varshney, G. M. Gray, Inorg. Chim. Acta, 1988, 148, 215-222. 
(c) E. Linder, H. Lesiecki, Chem. Ber., 1979, 112, 773-775. (d) 
H. Lesiecki, E. Lindner, G. Vordermaier, Chem. Ber., 1979, 112, 
793-798. (e) R. G. Kostyanovsky, V. V. Yakshin, S. L. Zimont, 
Tetrahedron, 1967, 24, 2995-3000. 
4 (a) P. Kumar, M. M. Siddiqui, Y. Reddi, J. T. Mague, R. B. Sunoj, 
M. S Balakrishna, Dalton Trans., 2013, 42, 11385-11399.  (b) 
R. Angharad Baber, M. L. Clarke, A. G. Opren, D. A. Ratcliffe, J. 
Organomet. Chem., 2003, 667, 112-119.    
5 S. Gowrisankar, C. Federsell, H. Neumann, F. Zebart, R. 
Jackstell, A. Spannenberg, M. Beller ChemSusChem, 2013, 6, 
85-91. 
6 (a) Y. Mei, R. Tian, Z. Duan, F. Mathey, Eur. J. Inorg. Chem., 
2014, 6254-6260. (b) W. Fan, R. Zhang, W. K. Leong, C. K. Chu, 
Y. K. Yan, J. Organomet. Chem., 2005, 690, 3765-3773. (c) H. 
Adams, N. A. Baiey, P. Blenkiro, M. J. Morris, J. Chem. Soc., 
Dalton Trans., 2000, 3074-3081. (d) H. Adams, N. A. Bailey, P. 
Blenkiron, M. J. Morris, J. Chem. Soc., Dalton Trans., 1997, 
3589-3598. (e) P. Blenkiron, M. H. Lavender, M. J. Morris, J. 
Organomet. Chem., 1992, 426, C28-C32. (f) J. E. Denison, J. C. 
Jeffrey, S. Harvey, K. D. V. Weerasuria, J. Chem. Soc., Dalton 
Trans., 1991, 2677-2684. (g) M. P. Brown, J. Buckett, M. M. 
Harding, R. M. Lynden-Bell, M. J. Mays, K. W. Woulfe, J. Chem. 
Soc., Dalton Trans., 1991, 3097-3102. (h) J. E. Denison, J. C. 
Jeffrey, S. Harvey, P. Mueller, K. D. V. Weerasuria, J. Chem. 
Soc., Dalton Trans., 1990, 1023-1026. (i) G. Effinger, I.-P. 
Lornz, Phosphorus Sulfur Silicon and Relat. Elem., 1990, 47, 
335-340. (j) E. Lindner, R. D. Merkle, W. Hiller, R. Fawzi, Chem. 
Ber., 1986, 119, 659-668. (k) A. Marinetti, J. Fischer, F. 
Mathey, J. Am. Chem. Soc., 1985, 107, 5001-5002. (l) A. 
Marinetti, F. Mathey, Phosphorus Sulfur Silicon and Relat. 
Elem., 1984, 19, 311-318. (m) E. Lindner, D. Huebner, Chem. 
Ber., 1983, 116, 2574-2590. (n) E. Lindner, E. Tamoutsidis, Z. 
Journal Name  ARTICLE 
This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9  
Please do not adjust margins 
Please do not adjust margins 
Naturforsch., B, 1983, 38, 726-732. (o) E Lindner, M. 
Steinwand, S. Hoehne, Chem. Ber., 1982, 115, 2478-2486.  
7 (a) P. Kumar, V. S. Kashid, Y. Reddi, J. T. Mague, R. B. Sunoj, M. 
S. Balakrishna, Dalton Trans., 2015, 44, 4167-4179. (b) S. 
Gowrisankar, H. Neumann, A. Spannenberg, M. Beller, 
Organometallics, 2014, 33, 94-99. (c) H. Hashimoito, K. 
Kurashima, H. Tobita, H. Ogino, J. Organomet. Chem., 2004, 
689, 1481-1495. (d) J D. King, M. J. Mays, C. – Y. Mo, P. R. 
Raithby, M. A. Rennie, G. A. Solan, T. Adatia, G. Conole, J. 
Organomet. Chem., 2000, 601, 271-283. (e) J. -J. Brunet, R. 
Chauvin, B. Donnadieu, E. Thepaut, J. Orgnaomet. Chem., 
1999, 579, 198-205. (f) J.-J. Brunet, A. Capperucci, R. Chauvin, 
B. Donnadiew, J. Organomet. Chem., 1997, 533, 79-81. (g) W. 
Malisch, J. Zoeller, M. Schwarz, V. Jaeger, A. M. Arif, Chem. 
Ber., 1994, 127, 1243-1246. (h) J. R. Goerlich, C. Mueller, R. 
Schmutzler, Phosphorus Sulfur Silicon and Relat. Elem., 1993, 
85, 193-206. (i)  M. M. Rahman, H. -Y. Liu, K. Eriks, A. Prock. 
W. P. Gering, Organometallics, 1989, 8, 1-7. (j) J. Svara, F. 
Mathey, Organometallics, 1986, 5, 1159-1161. 
8 (a) A. J. Saunders, I. R. Crossley, S. M. Roe, Eur. J. Inorg. Chem., 
2016, 4076-4082. (b) S. M. Whittemore, J. Gallucci, J. P. 
Stambuli, Organometallics, 2011, 30, 5273-5277. (c) S. M. 
Whittemorek R. J. Yoder, J. P. Stambuli, Orgaometallics, 2012, 
31, 6124-6130. (d) K. H. A. Ostoja-Starzewski, P. S. Pregosin, 
H. Rüegger, Helv. Chim. Acta, 1982, 65, 785-797. 
9 For a recent review see: Y. Takeda, S. Minakata, Org. Biomol. 
Chem., 2019, 17, 7807. 
10 See for example: (a) Y. Takeda, K. Hatanaka, T. Nishida, S. 
Minakata, Chem. Eur. J., 2016, 22, 10360-10364. (b) Y. Takeda, 
T. Nishida, K. Hatanaka, S. Minakata, Chem. Eur. J., 2015, 21, 
1666-1672. (c) Y. Takeda, T. Nishida, S. Minakata, Chem. Eur. 
J., 2014, 20, 10266-10270. (d) M. Stolar, T. Baumgartner, 
Chem. Asian J. 2014, 9, 1212-1225. (e) X. He, J. Borau-Garcia, 
A. Y. Y. Woo, S. Trundel, T. Baumgartner, J. Am. Chem. Soc. 
2013, 135, 1137-1147. (f) Y. Ren, T. Baumgartner, Dalton 
Trans. 2012, 41, 7792-7800. (g) P. -A. Bouit, A. Escande, R. 
Szucs, D. Szieberth, C. Lescop, L. Nyulászi, M. Hissler, R. Reau, 
J. Am. Chem. Soc. 2012, 134, 6524-6527 (h) A. Bruch, A. 
Fukazawa, E. Yamaguchi, S. Yamaguchi, A. Studer, Angew. 
Chem. Int. Ed. 2011, 50, 12094-12098. 
11 See for example: (a) M. Schmallegger, A. Eibel, J. P. Menzel, 
A.-M. Kelterer, M. Zalibera, C. Barner-Kowollik, J. 
Grützmacher, G. Gescheidt, Chem. Eur. J., 2019, 25, 8982-
8986. (b) D. Hristova-Neeley, D. Neshchadin, G. Gescheidt, J. 
Phys. Chem. B., 2015, 119, 13883-13887. (c) Y. Yagci, S. 
Jockusch, N. J. Turro, Macromolecules, 2010, 43, 6245-6260. 
(d) D. Hristova, I. Gatlik, G. Rist, K. Dietliker, J.-P. Wolf, J.-L. 
Birbaum, A. Savitsky, K. Möbius, G. Gescheidt, 
Macromolecules, 2005, 38, 7714-7720 and referenes therein.  
12 (a) P. Boar, M. Streitberger, P. Lönnecke, E. Hey-Hawkins, 
Inorg. Chem., 2017, 56, 7285-7291. (b) M. Streitberger, A. 
Schmied, R. Hoy, E. Hey-Hawkins, Dalton Trans., 2016, 45, 
11644-11649. (c) E. I. Musina, A. V. Shamsieva, I. D. Strenik, T. 
P. Gerasimova, D. B. Kripolapov, I. E. Kolesnikov, E. V. 
Grachova, S. P. Tunik, C. Bannwarth, S. Grimme, S. A. 
Katsyuba, A. A. Karasik, O. G. Sinyashin, Dalton Trans., 2016, 
45, 2250-2260. (d) M. Streitberger, A. Schmied, E. Hey-
Hawkins, Inorg. Chem., 2014, 53, 6794-6804. (e) M. F. 
Haddow, A. J. Middleton, A. G. Orpen, P. G. Pringle, R. Papp, 
Dalton Trans., 2009, 202-209. (f) I. Bonnaventure, A. B. 
Charette, J. Org. Chem., 2008, 73, 6330-6340. (g) X.-M. Sun, K. 
Manabe, W. W.-L. Lam, N. Shiraishi, J. Kobayashi, M. Shiro, H. 
Utsumi, S. Kobayashi, Chem. Eur. J., 2005, 11, 361-368. (h) G. 
Baccolini, C. Boga, R. A. Buscaroli, Eur. J. Org. Chem., 2001, 
3421-3424. (i) R. Emrich, P. W. Jolly, Synthesis, 1993, 39-40. (j) 
E. W. Turnblom, T. J. Katz, J. Am. Chem. Soc., 1973, 95, 4292-
4311. (k) D. B. Denney, X. Z. Denney, C. D. Hall, K. L. Marsi, J. 
Am. Chem. Soc., 1972, 94, 245-249. (l) K. Sommer, Z. Anorg. 
Allg. Chem., 1970, 379, 56-62. (m) K. L. Marsi, J. Am. Chem. 
Soc., 1969, 91, 4724-4729. (n) A. B. Burg, P. J. Slota, Jr., J. Am. 
Chem. Soc., 1960, 82, 2148-2151. (o) G. Grüttner, M. Wiernik, 
Chem. Ber., 1915, 48, 1473-1486. 
13 (a) J. M. Lister, M. Carreira, M. F. Haddow, A. Hamilton, C. L. 
McMullin, A. G. Orpen, P. G. Pringle, T. E. Stennett, 
Organometallics, 2014, 33, 702-714. (b) J. A. Bailey, M. F. 
Haddow, P. G. Pringle, Chem. Commun., 2014, 50, 1432-1434. 
(c) M. Carreira, M. Charemsuck, M. Eberhard, N. Fey, R. v. 
Ginkel, A. Hamilton, W. P. Mul, A. G. Orpen, H. Phetmung, P. 
G. Pringle, J. Am. Chem. Soc., 2009, 131, 3078-3092. (d) J. H. 
Downing, V. Gee, P. G. Pringle, Chem. Commun., 1997, 1527-
1528. (e) S. D. Pastor, P. A. Odorisio, J. D. Spivack, J. Org. 
Chem., 1984, 49, 2906-2909. (f) H. Schmidbaur, A. Mörtl, Z. 
Naturfosch. Tiel B, 1980, 35, 990-993. (g) L. D. Quin, J. W. 
Russell, Jr., R. D. Prince, H. E. Shook, Jr., J. Org. Chem., 1971, 
36, 1495-1499. 
14 (a) J. B. Rampal, G. D. Macdonell, J. P. Edasery, K. D. Berlin, J. 
Org. Chem., 1981, 46, 1156-1165. (b) J. B. Rampal, K. D. Berlin, 
J. P. Edasery, N. Satyamurthy, J. Org. Chem., 1981, 46, 1166-
1172. (c) Y. Kashman, H. Ronen, Tetrahedron, 1973, 29, 4275-
4278. (d) K. C. Srivastava, K. D. Berlin, J. Org. Chem., 1972, 37, 
4487-4489. (e) M. J. Gallagher, F. G. Mann, J. Chem. Soc., 
1962, 5110-5120. (f) R. P. Welcher, N. E. Day, J. Org. Chem., 
1962, 27, 1824-1827. (g) R. P. Welcher, G. A. Johnson, V. P. 
Wystrach, J. Am. Chem. Soc., 1960, 82, 4437-4438.  
15 See for example: (a) J. B. Rampal, N. Satyamurthy, J. M. 
Bowen, N. Purdie, K. D. Berlin, J. Am. Chem. Soc., 1981, 103, 
7602-7609. (b) I. D. Blackburne, A. R. Katritzky, D. M. Read, R. 
Bodalski, K. Pietrusiewicz, J. Chem. Soc. Perkin Trans. II¸1974, 
1155-1160. (c) L. D. Quin, J. H. Somers, J. Org. Chem., 1972, 
37, 1217-1222.  
16 R. Doherty, M. F. Haddow, Z. A. Harrison, A. G. Orpen, P. G. 
Pringle, A. Turner, R. L. Wigard, Dalton Trans., 2006, 4310-
4320. 
17 (a) J. D. Nobbs, C. H. Low, L. P. Stubbs, C. Wang, E. Drent, M. 
v. Meurs, Organometallics, 2017, 36, 391-398. (b) T. 
Brenstrum, J. Clattenburg, J. Britten, S. Zavorine, J. Dyck, A. J. 
Robertson, J. McNulty, A. Capretta, Org. Lett., 2006, 8, 103-
105. 
18 A. J. Saunders, I. R. Crossley, M. P. Coles, S. M. Roe, Chem. 
Commun., 2012, 48, 5766-5768.  
19 V. S. Kashid, L. Radhakrishna, M. S. Balakrishna, Dalton Trans., 
2017, 46, 6510-6513. 
20 Though we have not conducted further variable temperature 
studies, the case of 2a affords us confidence in our 
assignments for 2 and 3 more generally, when taken alongside 
the respective relative integrations, 13C{1H}, HSQC and HMBC 
spectra.  Indeed, full 1H-13C correlation is observed at ambient 
temperature confirming the coalescence of 1H resonances. 
21 Search of CCDC: C. R. Groom, I. Bruno, M. P. Lightfoot, S. C. 
Ward, Acta Crystallogr., Sect. B: Struct. Sci, Cryst. Eng. Mater., 
2016, 72, 171-179. 
22 R. T. Boere, M. Taghavikish, Acta Crystallogr., Sect. C: Cryst. 
Struct. Commun., 2012, 68, o381-o382 
23 (a) A. H. Cowley, M. Pakulski, N. C. Norman, Polyhedron, 1987, 
6, 915-919. (b) J. Bresien, K. Faust, C. Hering-Junghans, J. 
Rothe, A. Schulz, A.Villinger, Dalton Trans., 2016, 45, 1998-
2007.  
24 (a) S. Roy, P. Stollberg, R. Herbst-irmer, D. Stalke, D. M. 
Andrada, G. Frenking, H. W. Roesky, J. Am. Chem. Soc., 2015, 
137, 150-153. (b) S. Roy, B. Dittrich, T. Mondal, D. Koley, A. C. 
Stuckl, B. Schwederski, W. Kaim, M. John, S. K. Vasa, R. Linser, 
H. W. Roesky, J. Am. Chem. Soc., 2015, 137, 6180-6183. (c) M. 
Andrianarison, U. Klingebiel, D. Stalke, G. M. Sheldrick, 
Phosphorus, Sulfur, Silicon, Relat. Elem., 1989, 46, 183-196.  
25 L. Wu, S. S. chitnis, H. Jiao, V. T. Annibale, I. Manners, J. Am. 
Chem. Soc., 2017, 139, 16780-16790. 
ARTICLE Journal Name 
10 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 
Please do not adjust margins 
Please do not adjust margins 
26 (a) C. P. Rooney, J. L. Wade, A. C. Hinkle, R. M. Stolley, S. M. 
Miller, M. L. Helm, Main Group Chem., 2008, 7, 155-165. (b) J. 
C. Calabrese, R. T. Oakley, R. West, Can. J. Chem., 1979, 57, 
1909-1914. 
27 F. Nief, F. Mercier, F. Mathey, J. Organomet. Chem., 1987, 
328, 349-355.  
28 (a) W. H. Hersh, P. Xu, B. Wang, J. W. Yom, C. K. Simpson, 
Inorg. Chem., 1996, 35, 5453-5459. (b) J. Apel, R. Bacher, J. 
Grobe, D. Le Van, Z. Anorg. Allg. Chem., 1979, 453, 39-52. (c) 
R. G. Goel, W. O. Ogini, R. C. Srivastava, J. Organomet. Chem. 
1981, 214, 405-417. (d) W. A. Schenk, W. Buchner, Inorg. 
Chim. Acta, 1983, 70, 189-196. 
29 S. Holand, F. Mathey, Organometallics, 1988, 7, 1796-1801. 
30 See for example: (a) I. Inubushi, N. H. T. Huy, F. Mathey, Chem. 
Commuun., 1996, 1903-1904. (b) V. Nesterov, L. Duan, G. 
Schnakenburg, R. Streubel, Eur. J. Inorg. Chem., 2011, 567-
572. (c) Y. Mei, R. Tian, Z. Duan, F. Mathey, Eur. J. Inorg. 
Chem., 2014, 6254-6260. 
31 (a) R. L. Keiter, J. G. Verkade, Inorg. Chem., 1969, 8, 2115-
2120. (b) J. G. Verkade, Coord. Chem. Rev., 1972/73, 9, 1-106. 
(c) H. Scümann, H.-J. Kroth, Z. Naturfosch. Tiel B, 1977, 32, 
768-770.  
32 S. O. Grim, D. A. Wheatland, W. McFarlane, J. Am. Chem. Soc., 
1967, 89, 5573-5577. 
33 F. A. Cotton, D. J. Darensbourg, B. W. S. Kolthammer, Inorg. 
Chem., 1981, 20, 4440-4442. 
34 J. Pickardt, L. Rosch, H. Schumann, Z. Anorg. Allg. Chem., 1976, 
426, 66-76 
35 M. J. Aroney, I. E. Buys, M. S. Davies, T. W. Hambley, J. Chem. 
Soc. Dalton Trans., 1994, 2827-2834. 
36 (a) F.-W. Grevels, J. Jacke, W. E. Klotzbücher, F. Mark, V. 
Skibbe, K. Schaffner, K. Angermund, C. Krüger, C. W. Lehmann, 
S. Özkar, Organometallics, 1999, 18, 3278-3293  (b) F. 
Heinemann, H. Schmidt, K. Peters, D. Thiery, Z. Kristallogr., 
1992, 198, 123-124.  
37 G. M. Bancroft, L. Dignard-Bailey, R. J. Puddephatt, Inorg. 
Chem., 1986, 25, 3675-3680. 
38 M. J. Aroney, M. S. Davies, T. W. Hambley, R. K. Pierens, J. 
Chem. Soc. Dalton Trans., 1994, 91-96. 
39 N. D. Silavwe, A. S. Goldman, R. Ritter, D. R. Tyler, Inorg. 
Chem., 1989, 28, 1231-1236. 
40 W. Buchner, W. A. Schenk, Inorg. Chem., 1984, 23, 132-137. 
41 K. Maeyama, N. Iwasawa, J. Org. Chem., 1999, 64, 1344-1346. 
42 G. M. Sheldrick, Acta Crystallogr.. A: Found. Adv., 2015, 71, 3-
8. 
43 G. M. Sheldrick, Acta crystallogr.. C: Struct. Chem., 2015, 71, 
3-8. 
44 O. V. Dolomanov, L. J. Bourhis, R. J. Gildea, J. A. Howard, H. 
Puschmann, J. Appl. Crystallogr., 2009, 42, 339-341. 
45 (a) A. D. Groman, J. A. Bailey, N. Fey, T. A. Young, H. A. Sparkes, 
P. G. Pringle, Angew. Chem. Int. Ed., 2018, 57, 15802-15806. 
(b) D. G. Gary, B. M. Cossairt, Chem. Mater. 2013, 25, 2463-
2469. (c) S. C. Goel, M. Y. Chiang, D. J. Rauscher, W. E. Buhro, 
J. Am. Chem. Soc., 1993, 115, 160-169. (d) H. Bürger, U. 
Goetze, J. Organomet. Chem., 1968, 12, 451-457. 
46 V. G. Fritz, W. Holderich, Z. Anorg. Allg. Chem., 1977, 431, 61-
75. 
47 R. Martes, W. Mont, Chem. Ber., 1992, 125, 657-658. 
48 J. A. Bailey, M. Ploeger, P. G. Pringle, Inorg. Chem., 2014, 53, 
7763-7769. 
